
AD

Award Number: DAMD17-03-1-0528

TITLE: Shunting Proliferation Signals to Apoptotic Pathways

for Treatment of Breast Cancer

PRINCIPAL INVESTIGATOR: Sang-Hyun Park, Ph.D.

CONTRACTING ORGANIZATION: University of California, San Francisco
San Francisco, California 94143-0962

REPORT DATE: July 2004

TYPE OF REPORT: Final

PREPARED FOR* U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

120050630 028



Form Approved
REPORT DOCUMENTATION PAGE OMB No. 074-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of Information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduclion Proiect (0704-0188), Washington, DC 20503
1. AGENCY USE ONLY 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

(Leave blank)I July 2004 Final (1 Jul 03 - 30 Jun 04)

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Shunting Proliferation Signals to Apoptotic Pathways DAMD17-03-1-0528
for Treatment of Breast Cancer

6. AUTHOR(S)

Sang-Hyun Park, Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
University of California, San Francisco REPORT NUMBER
San Francisco, California 94143-0962

E-Mail: biopark@snu.ac.kr joyce.abe@ucsf.edu

9. SPONSORING / MONITORING 10. SPONSORING / MONITORING
AGENCY NAME(S) AND ADDRESS(ES) AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for Public Release; Distribution Unlimited

13. ABSTRACT (Maximum 200 Words)

Cells have the remarkable ability of detecting specific external stimuli and translating them into growth,
differentiation or death. These responses are mediated by signal transduction pathways such as mitogen-activated
protein (MAP) kinase pathways conserved from yeast to man. Because of their roles in regulating cell growth,
differentiation and death, improper activation of MAP kinase pathways has implicated in breast cancer and other
proliferative diseases. The flow of intracellular signaling information is mediated by a series of protein-protein
interactions that often take place on scaffold proteins. Scaffold proteins are postulated to tether together a set of
pathway proteins and help them act on each other. The flow of signaling information can be artificially modulated to
create a novel input-output relationship by engineering scaffold proteins which recruit a unique set of signaling
proteins. This strategy of pathway engineering provides for a novel means to treat diseases caused by signaling
defects. The progress of breast cancer is determined by a precise balance between growth signaling and death signaling
inside cell. One way to treat breast cancer could be the suppression of growth signaling, the promotion of death
signaling or both in cancer cells. Goal in this study is to shunt the growth signal to cell death in breast tumor cells and
to study in detail the regulatory mechanisms of MAP kinase signaling by identifying negative regulators.

14. SUBJECT TERMS 15. NUMBER OF PAGES
No subject terms provided. 11

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102



Table of Contents

Cover ........................................................................................... I

SF 298 ........................................................................................... 2

Table of Contents ................................................................... 3

Introduction ................................................................................ 4

Body ............................................................................................. 5-7

Key Research Accomplishments ...................................................... 8

Reportable Outcomes.................................................................... 9

Conclusions .................................................................................. 10

References ................................................................................. 11

3



INTRODUCTION

In human tissues, three major mitogen-activated protein (MAP) kinase pathways exist, ERK,

JNK and p38 pathways.1 These pathways play a critical role in regulating cell proliferation,

differentiation and apoptosis, and thus are important targets for therapeutic intervention of

proliferative diseases including breast cancer.2 A hallmark of these pathways is remarkable

specificity: a given stimulus leads to a precise response in spite of many related or overlapping

pathways within the cell. An emerging paradigm is that such specificity is often mediated by

scaffold proteins that physically tether pathway members and restrict them act only on one

another.3 Mechanisms by which MAPK scaffold proteins act on signaling flux are unclear.

Recently, it was demonstrated that engineered scaffold proteins in yeast can be used to divert the

flow of signaling from one MAP kinase pathway to another, resulting in a non-natural signaling

pathway with a novel specificity.3 Goal in this study is to test the pathway engineering

hypothesis as a means to rewire flow of signaling in cells in diseased states. The progress of

breast tumor is determined by a delicate balance between proliferation and apoptosis.4 The

proposed study was to divert proliferation signals to apoptotic pathways in breast tumor cells to

achieve a simultaneous increase in apoptosis and decrease in proliferation. For signal diversion,

upstream components of proliferation pathways (ERK MAPK pathway) is recruited to

downstream components of apoptotic pathways (Caspase, p38 and JNK MAPK pathways) via

covalent linkage. In addition to the positive regulators of MAPK signaling such as scaffold

proteins and kinases, regulatory mechanisms of negative regulators of signaling such as

phosphatases are also investigated.
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BODY

1. Cloning and expression of PDZ fusion proteins in tumor cells

To redirect the flow of signaling information from proliferation signaling pathway to apoptotic
pathway, PDZ fusion proteins were constructed. One PDZ domain was fused to an upstream
component of proliferation pathway and another PDZ domain which has an affinity for the first
PDZ domain was fused to a downstream component of apoptotic pathway. First, a PDZ domain
from syntrophin (synPDZ) was fused to the C-terminus of human Grb2 protein (Shc-Grb2).
Second, the PDZ domain from a neuronal nitric oxide synthase (nNOSPDZ) was fused to the C-
terminus of the Bad protein (Bad-nNOSPDZ). The PDZ fusion proteins were subcloned in a
mammalian expression vector pCDNA3 (Invitrogen). To test the stable expression of PDZ fusion
protein in vivo, the fusion constructs were transfected into human breast cancer cells (MCF-7).
For the purpose of detection and purification, the fusion proteins were expressed with a six
histidine tag (His6) at their N-termini. Expression of PDZ fusion proteins were tested by western
blotting using antibodies specific toward the His6 tag.

1 2 3 Figl. anti-His6 immunoblot of Grb2-synPDZ. Lane 1; control tumor

M cells lacking the expression vector. Lane 2; His6-Grb2-synPDZ

25 - expressed from bacteria as a positive control. Lane 3; tumor cells
(KDa) expressing His6-Grb2-synPDZ

For a positive control of immunoblotting, His6-Grb2-synPDZ was expressed from
bacteria. The His6-Grb2-synPDZ fusion protein expressed from bacteria was insoluble but
detected as a full-length protein (36 kDa). However, His6-Grb2-synPDZ expressed from the
tumor cells was expresses as two distinct smaller fragments with the molecular weight of- 26
kDa and - 20 kDa. It appears that His6-Grb2-synPDZ was proteolyzed inside cell and failed to
express as a full-length protein. Fusion of PDZ might have induced a conformational change in
Grb2 that destabilized the protein. The anti-His6 immunoblot of His6-Bad-nNOSPDZ showed
that the fusion protein was proteolyzed in more significant manner and did fail to express as a
full-length protein. (data not shown)

Due to the failure to express the full-length proteins in tumor cells, further study to
monitor the rewiring of signaling could not be carried out. However, the failure caused a revision
in the direction of the proposed study, in which the hypothesis of signaling control to be tested in
a simpler model system, the budding yeast Saccharomyces cerevisiae.

2. Regulatory mechanism of MAP kinase signaling pathway

Artificial rewiring of cellular signaling pathways requires detailed knowledge in the regulatory
mechanisms of those pathways. One aspect of looking at the regulation of kinase signaling
cascades is the balance between positive flux and negative flux. Factors responsible for positive
regulation include kinases and scaffold proteins and negative regulatory factors include
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phosphatases and proteolysis. In contrast to the vast knowledge and the research efforts toward
kinase regulation mechanisms, mechanisms of phosphatases as a key negative regulator remain
unclear. It is due to the fact that many phosphatases function in a redundant manner and thus
knockouts of phosphatases did not show clear phenotypes in various organisms.

Here, I propose a novel approach to identify phosphatases specific to kinase signaling
pathways. The budding yeast Saccharomyces cerevisiae was chosen as a model system because it
carries a well characterized mating MAP kinase signaling pathway, which is similar in high degree
to the mammalian ERK MAP kinase pathway in the structure and organization. The yeast mating
MAP kinase pathway consists of a scaffold protein Ste5 and three kinases, Ste 11, Ste7 and Fus3,
all of which are essential for signaling and possibly are positive regulators. Ste5 is known to
interact with all three kinase and provide the platform for signaling to occur. To identify
phosphatases specific to mating pathway, all 30 phosphatases in yeast were enforced in
proximity to the scaffold complex by a covalent fusion to Ste5 and mating flux of cells carrying
each Ste5-phosphatase fusion was monitored. Cells Carrying a fusion protein of phosphatase
specific to mating pathway are expected to show the decrease in the mating flux.

Ste4
Fig2. Strategy to identify phosphatases that negatively regulate

,jl, */ the mating MAP kinase pathway

( 3) t .:"

Change in the mating flux in cells carrying Ste5-phosphatase fusions were monitored by
quantitative mating assay. Of all the phosphatase fusions tested, four showed remarkable
decrease in the mating efficiency. Of those four, two phosphatases (Msg5 and Ptp3) were known
to act on Fus3. However, the other two phosphatases (Ppsl and Ppql) are previously unknown
to participate in the regulation of mating signaling.
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Fig3. Mating test of yeast cells carrying Ste5-phosphatase fusions.
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The validity of this approach to identify novel regulators of signaling is proven because the
known phosphatases were scored in the screen. Further study is required to investigate the role of
the phosphatases (Ppsl and Ppql) in the regulation of mating signaling, to identify the target
substrates of those phosphatases, and to apply this approach in higher eukaryotes.
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KEY RESEARCH ACCOMPLISHMENTS

"* PDZ fusions of Grb2 and Bad proteins did not express well in the tumor cells.

"* A novel strategy to identify negative regulatory factors of MAP kinase pathways was
demonstrated.

"* Previously unknown phosphatases were identified to function as negative regulators in the
mating response MAP kinase pathway in yeast.
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REPORTABLE OUTCOME

A manuscript is in preparation based on the findings in this study.
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CONCLUSION

The originally proposed study of shunting the signaling from proliferation to apoptosis could not
be carried out to its completion because of poor expression of key molecules inside cells. The
artificial rewiring of cellular signaling requires high degree of knowledge in the regulatory
mechanisms of such pathways. However the difficulty and the lack of detailed knowledge lead to
a revised approach to ask what are the key factors in the regulation of cellular signaling and how
to identify them. To answer these questions a novel strategy to screen and identify negative
regulators of signaling pathway was proposed and tested. The proposed approach was tested in
the yeast mating MAP kinase pathway because the yeast model system allows for the high
degree of flexibility in genetic manipulation and because the mating MAP kinase pathway is
highly homologous to the ERK MAP kinase pathway in mammals in its structure and
organization. The screen resulted in the identification of two novel phosphatases that act as
negative regulator in the mating signaling as well as known phosphatases previously implicated
the pathway. It turns out that the screen is an efficient strategy to identify negative regulatory
factors of kinase signaling networks. Further study should be carried out to extend the application
of the approach to higher mammals including human.
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